Abstract Application of Connecticut Chemosensory Clinical Research Center (CCCRC) olfactory test to healthy Turkish volunteers, obtain normative data set and analyse the role of age, sex and smoking on olfactory scores. The present study was conducted at Bezmialem Vakif University, Department of Otorhinolaryngology. Total of 426 healthy volunteers were subjected to CCCRC olfactory test which consists of n-butanol smell threshold test and smell identification test. Olfactory function score was assessed (0: worst score; 7: best score) and mean scores were calculated. Mean age was (36.7 ± 11.1; range, 17-68). 46.2 % of the subjects were male and 53.8 % were female; 37.1 % were smokers and 62.9 % were nonsmokers. Mean n-butanol threshold score was 6.36 out of 7, mean identification score was 6.34 and mean total score was 6.35. According to CCCRC score: there were no anosmic individuals, 0.5 % were severely hyposmic, 2.6 % were moderately hyposmic,15.3 % were mildly hyposmic and 81.6 % were normosmic. CCCRC olfactory test is cost-effective, simple and practical. It can be easily applied in clinical settings. The CCCRC olfactory test is appropriate for assessment of olfactory function: Turkish population is familiar in terms of the odors used in CCCRC test. The power of this study is that it provides a normative data set against which many factors can be compared.
Introductıon
Although olfaction, combined with chemogustatory perception, has a fundamental role in quality of life; complaints regarding olfactory dysfunction are often neglected by the physicians. Quantitative olfactory assessment can guide diagnosis and explanation of many morbidities, but assessment of olfactory function in daily clinical practice is subjective, qualitative and lacks standardization.
With commercially available quantitative olfactory tests, olfactory function is easily evaluated in daily practice [1] [2] [3] [4] [5] . The Connecticut Chemosensory Clinical Research Center test (CCCRC test) defined by the CCCRC consists of smell detection threshold and smell identification test [6] . The aim of this study was to evaluate CCCRC scores of healthy Turkish volunteers, investigate whether the odors used in CCCRC test are familiar with Turkish population, and obtain normative data set against which many factors can be compared and analysed.
Materials and Methods
The present study was performed at Bezmialem Vakif University, Medical Faculty, Department of Otorhinolaryngology and Head and Neck Surgery according to the Helsinki Decleration (WMA 2010). All participants were tested for olfactory function with the approval of University Ethics Committee and in accordance with the guidelines of the National Health and Medical Research. All volunteers were provided with information about the procedures and written informed consents were taken prior to study.
All potential volunteers underwent a detailed nasoendoscopical examination and any condition that could cause olfactory dysfunction such as septum deviation, nasal polyposis, acute rhinosinusitis were excluded from the study. History of head trauma, chronic rhinosinusitis, allergic rhinitis, or psychiatric or neurological disorders, such as Parkinson's and Alzheimer's disease, were criteria of exclusion. Also potential volunteers reporting symptoms of an upper respiratory tract infection on the test day had been excluded from the study.
426 healthy Turkish volunteers were included in the study from February 2011 to May 2012. A well-established test of orthonasal olfaction developed at the CCCRC was used. The CCCRC test includes butanol threshold test and odor identification test using common odors: these tests were conducted as described previously [6, 7] Butanol Threshold Test
For each trial, two glass bottles were presented to the subject. One contained water and the other a dilute concentration of butanol. The bottles were of identical appearance and were presented simultaneously. Subjects were instructed to occlude one nostril and place the tip of the first bottle immediately beneath the other nostril. The second bottle was then sampled in a similar manner, and the subject had to choose which of the bottles contained something other than water. If the choice was incorrect, the next stronger concentration of butanol was presented along with a bottle containing only water. Once the subject identified correctly the same butanol concentration five times in a row, the score was recorded for that nostril. The other nostril was then tested separately, and the scores for both nostrils were averaged to arrive at the final score. The strongest butanol concentration (bottle 0) was 4 % butanol in deionized water. Each subsequent dilution (bottles 1-9) was a 1:3 dilution with deionized water. Possible scores ranged from 0 to 9, but all scores 7 and higher were scored as 7 per the CCCRC test.
Identification Test
Common household odorants: Peanut butter, soap, mothballs, Vicks, chocolate, coffee, cinnamon and baby powder were within opaque jars. Subjects then chose from a printed list containing the correct items as well as an equal number of distractor items. The forced choice items included the following: Vicks, burnt paper, wood shavings, coffee, baby powder, peanut butter, spearmint, cinnamon, soap, chocolate, mothballs, grape jam, ketchup, black pepper, and rubber. The ability to sense Vicks indicates intact trigeminal nerve function. It was easily identified by all subjects and was not included in the final score. Possible scores ranged from 0 to 7 items correctly identified. Scores for both nostrils were averaged to arrive at the final score. Scores for the butanol threshold test and identification tests were subsequently averaged to arrive at a composite score for orthonasal olfactory ability. As in the CCCRC test, scores were grouped by category as detailed in Fig. 1 .
Statistical Analysis
Data was analysed using Medcalc Software v. 12.3 software (Mariakerke, Belgium). All values were calculated as mean ± standard deviation. Student's t test was used for statistical analysis for independent groups; p value of less than 0.05 was accepted as statistically significant.
Results
CCCRC olfactory test was carried out on 426 healthy volunteers, mean age was (36.7 ± 11.1; range,17-68). 46.2 % of the subjects were male and 53.8 % were female; 37.1 % were smokers and 62.9 % were non-smokers. Mean n-butanol threshold score was 6.36 ± 0.7 (range, 3.00-7.00) out of 7, mean identification score was 6.34 ± 0.8 (range, 3.00-7.00) and mean total score was 6.35 ± 0.6 (range, 3.25-7.00). Olfactory function was evaluated based on CCCRC olfactory scores as detailed previously [6] (Fig. 1) . Mean CCCRC score of male subjects was 6.29 ± 0.7, whereas female subjects scored 6.38 ± 0.6. Female subjects scored higher compared to males but the difference was not statistically significant (p = 0.09) (Fig. 2) . The effect of smoking on olfactory function was analysed: smokers scored lower compared to non-smokers, (6.21 ± 0.7) versus (6.42 ± 0.6) respectively, the difference was very significant (p = 0.0008) (Fig. 3) . CCCRC scores were evaluated in terms of age groups; gradually lowered olfactory scores were observed with increased age (Fig. 4) .
Dıscussıon
Assessment of olfactory function in daily practice is subjective, qualitative and lacks in standardization. For the clinician, quantitative olfactory assessment can substantiate diagnosis and guide explanation of many disorders [8] [9] [10] . Many tests have been developed and are commercially available for olfactory screening such as the University of Pennsylvania Smell IdentificationTest (UPSIT), Cross Cultural Smell Identification Test (CCSIT), CCCRC test and Sniffin' Sticks Test (SST) [1] [2] [3] [4] [5] .
Odor familiarity is an important factor while evaluating olfactory function, because a person should be familiar with an odor in order to identify it correctly [11] [12] [13] . A current study performed with UPSIT test showed importance of familiarity to odours included in the olfactory test: odors familiar to the Turkish population were identified correctly by up to 98 % of the subjects, whereas some unfamiliar odors such as root beer, fruit punch, wintergreen and dill pickle had a correct identification rate in the vicinity of 12 % [14] . This is an important factor that may decrease the overall identification score of participants and lead to misdiagnosis. The present study shows CCCRC is compatible with Turkish population, Fig. 1 shows high olfactory scores similar to other normative data [15] .
The gradual, idiopathic, decrease in sensory function with older age has been described in many studies [16] . With increased age, surface area of olfactory epitelium decreases and is gradually replaced by respiratory epithelium. In addition, number of mitral cells in olfactory bulbus diminishes [17] . Just like the term presbyacusia is used for age-associated auditory deficits, ''presbyosmia'' is a term used for age-associated idiopathic olfactory deficiency that takes place with older age [18] . Our results detailed in Fig. 4 are concordant with current literature: total CCCRC score decreases with older age, this downward slope is only interrupted by 50-59 age group which is interestingly similar to results of Mackay et al. [18] .
Similar to the literature, female subjects scored higher compared to males but the difference was not statistically significant. Statistically significant olfactory deficit associated with smoking is concordant with the literature: smoking has been found to be adversely associated with the olfactory ability in a dose-related manner. Smokers were found to be nearly six times as likely to evidence an olfactory deficit as non-smokers, depending on the duration Fig. 2 Total CCCRC test score (out of 7, males vs. females) Female subjects scored higher compared to males but the difference was not statistically significant(p = 0.09) Fig. 3 Total CCCRC test score (out of 7, smokers vs. non-smokers) Very significant difference in terms of total CCCRC score (p = 0.0008) Fig. 4 CCCRC Scores evaluated based on decades (CCCRC Score vs. Age groups) Lower olfactory scores were observed with increased age, except for the 50-59 age group and the amount of cigarettes smoked. A study conducted by Katotomichelakis et al. [19] assessed smokers with SST and found lower olfactory threshold, olfactory discrimination, olfactory identification scores compared with nonsmokers.
Conclusıon
CCCRC olfactory test is cost-effective, simple and practical. It can be easily applied in clinical settings. The CCCRC olfactory test is appropriate for assessment of olfactory function: Turkish population is familiar with the odors used in CCCRC test. This study provides a normative data set against which many potential olfactory dysfunctions can be compared.
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